20 20 % of cases we would not regard it as a suitable method of therapy, in view of the alternative and less disagreeable methods that are available. The .--probability-ofoursanipe of-50 patients with 5 successes coming from a theoretical population in which the chance of success was 20 % or more is 0 048 and we are therefore justified in declaring that the operation of adrenalectomy should not be performed on patients with a negative discriminant (low etiocholanolone: 17-OHCS ratio).
As our trial has been planned, it has turned out that only 15 patients with a negative discriminant have been operated upon by hypophysectomy and there has been one success. It would appear therefore that it is unlikely that hypophysectomy can be recommended for patients with a negative discriminant. However, we are not yet in a position to make a definite statement on this matter because the chance of this sample of 15 with one success coming from a theoretical population with a 20 % chance of success is as high as 0 17; or, put in another way, if successive samples of 15 were taken from such a theoretical population, no success or one success would appear on an average in about one in six samples. More experience must be gained on the effect of hypophysectomy on women with a negative discriminant before it can confidently be declared that this operation also is contraindicated in such patients.
Finally, it is much regretted that the determination of the discriminant function is at present so laborious and complicated that it cannot be used routinely and has to be confined to those patients who are admitted to our programme of investigation. Work is in progress on the methodology of the test and it is hoped that in the future it will become available for general use.
Mr Murray A Falconer
(Guv's Maudsley Neurosurgical Unit, London)
Hypophysectomy -Neurosurgical Aspects
Although complete hypophysectomy had occasionally been previously attempted by a few surgeons, it became practicable only a decade ago when cortisone became available for postoperative substitution therapy. Its successful introduction as a method of treating metastasizing breast cancer was first reported by a Swedish neurosurgeon, Olivecrona, and his colleagues, Luft and Sjogren, in 1952 (Luft et al. 1952 ).
Since then numerous reports on its indications, effects, and therapeutic results have appeared in the literature. It is now generally agreed that metastatic breast cancer remains its pre-eminent indication, -and that it also has some possible although limited value in the treatment of prostatic cancer, diabetic retinopathy, acromegaly, and Cushing's syndrome. It has been tried for other conditions, such as arterial hypertension, malignant melanoma, hypernephroma, cancer of the gonads, and malignant exophthalmos, but the consensus of informed opinion is that it is not efficacious in these other conditions. I shall pass over these indications, and discuss rather the technical problems associated with the operation.
Deliberate destruction of the pituitary gland can be undertaken by several routes and techniques, summrarized in Table 1 . Each of these treatments has had its advocates and its critics. Several Members of this Section (Bateman 1962 , Macbeth & Hall 1962 have expressed their disappointment with the results of transnasal and transethmoidal implantations of radioactive isotopes. Indeed, these methods have led to a rather high proportion of serious complications, notably cerebrospinal rhinorrhera and meningitis (Fraser et al. 1959) , and also at times to irradiation damage of the optic nerves and chiasm, while the assessments of completeness of pituitary destruction have been physiological rather than anatomical. Similarly, the use of the cyclotron for multiplane irradiation of the pituitary has been disappointing, for Tobias et al. (1958) record that only 2 out of 26 patients were surviving twenty months after treatment. Again, although pituitarystalk section leads to infarction of the anterior pituitary lobe, this infarction is seldom complete (Le Beau & Foncin 1960) . Furthermore, even if an obturator such as a tantalum plate or a piece of polyethylene be inserted between the divided stalk and the gland, the physiological effects of thyroid and gonadal suppression are not as marked as after surgical hypophysectomy (Dugger (Bauer 1956 - 59"Au) (4) High-energy proton beam (cyclotron) (Tobias et al. 1958) et al. 1962), w-hile the divided stalk may even reunite to the surviving part of the gland past the edge of the obturator (Le Beau & Foncin 1960 , Dugger et al. 1962 . As surgeons we all feel that, if surgical ablation of an organ is practicable, this is a more certain way to destroy its function than to irradiate it. Consequently we must consider the relative merits and disadvantages of our respective surgical approaches.
Technique ofTranscranial (Subfrontal)
Hypophysectomy
It was but natural that Olivecrona, when he began to perform hypophysectomy for carcinoma, should use the subfrontal approach, for since about 1930 this approach had supplanted the earlier transnasal approach of Cushing in the surgery of pituitary tumours, because of the better exposure which it gives of suprasellar extensions of such tumours. Mr Peter Schurr and I have likewise used the subfrontal approach and the details of our technique have been given in previous papers (Atkins et al. 1957 , Falconer 1957 . This approach involves a right frontal craniotomy performed under general anaesthesia. The chiasmal region is exposed by elevating the frontal lobe from off the anterior cranial fossa, such elevation being accomplished by simultaneously sucking the cerebrospinal fluid out of the cisterna chiasmaticus. In the past five years we have found that this exposure can be facilitated by the use of controlled respiration when the patient is curarized and placed on an anmesthetic machine which introduces a negative pressure phase into the respiratory cycle. Some neurosurgeons have advocated preliminary lumbar or ventricular C.S.F. drainage, intravenous urea, hypothermia with hypotensive anmsthetic techniques, and even resection of the frontal pole itself, but we have never found these particular steps to be necessary. The arachnoid within the concavity of the chiasm is divided, exposing the pituitary stalk and the diaphragma selle. The pituitary stalk is then cut flush with the diaphragma and the cut stalk itself seldom bleeds more than a drop or so. Next the diaphragma is incised in a radial manner, and then with suitably shaped dissectors the gland is teased out of its fossa, sometimes in one piece, but generally in fragments. Then, any remaining fragments of pituitary tissue are either sucked or curetted out of the fossa. If, as occasionally -happens, troublesome bleeding is encountered from the cavernous sinus, this is readily controlled by Gelfoam after the gland has been removed. Then, after hamostasis has been secured, we usually instil Zenker's fluid on a patty into the pituitary fossa for two to three minutes in order to fix chemically any remaining fragments, and finally before closing the craniotomy we insert a quick-setting acrylic plate into the pituitary fossa to prevent regeneration of the pituitary stalk to any fragments of the gland that may remain.
As with the transnasal hypophysectomies, the operation is performed under a heavy cortisone cover which is progressively reduced until, at the end of the first week, the patient is on a permanent maintenance dose of 25 mg twice daily. Subsequently this dosage may have to be increased substantially if the patient should undergo any stress, such as an incidental febrile illness, a serious accident, or an operation, and consequently each patient is given a card to carry in her handbag giving warning of this. Such a precaution is necessary no matter what type of hypophysectomy is performedtranscranial, transnasal, or radioisotope. Furthermore, starting a few weeks after operation, thyroid extract in doses ranging from 60 to 200 mg daily is given to prevent myxoedema, and as a guide to the dosage required my colleagues feel that repeated estimations of the serum cholesterol are helpful: it should not be allowed to exceed 350 mg/100 ml. We also give our patients phenobarbitone 30 mg twice daily as a prophylactic against epilepsy. Three patients, who experienced fits when off anticonvulsant drugs, had their seizures controlled when phenobarbitone was restored; they may have had cerebral secondaries.
A criticism of our operative technique is that we approach the pituitary gland at an angle of about 20 degrees to the right of the median longitudinal plane, and also more or less tangentially to the diaphragma. Thus, after removal of the gland, we cannot see the anterior or the right hand walls of the pituitary fossa, but have to rely upon our scraping techniques to remove fragments there. However, a somewhat similar objection occurs with the transnasal approaches.
Recovery from subfrontal hypophysectomy as an operation is usually straightforward, and unless there are complicating factors due to the neoplastic disease the patient can usually be got out of bed on the second day and allowed home within seven to ten days. No patient has developed post-operative psychological or psychiatric disturbance.
In general, cases with mammary, cutaneous, glandular, osseous and pulmonary lesions give the most rewarding results, whereas cases with cerebral and hepatic lesions do not. The probable reason is that these latter lesions damage organs that are vital to life rather than that the lesions themselves are not responsive to the operation. We have had an occasional case with jaundice show a temporary remission, while after removal of cerebral secondaries we have in three cases been able to proceed to a hypophysectomy.
Mortality
The mortality of the operation in uncomplicated cases is low, and with the exception of cases with cerebral secondaries, it is practicable for any patient who can stand a general ansesthetic. The overall figures for the controlled series from Guy's Hospital are given in Table 2 . Before operation, however, pleural or peritoneal effusions may have to be tapped and anemias corrected by blood transfusion. A complete as opposed to a partial paraplegia from vertebral body collapse is a contraindication to operation, for the paraplegia can never be relieved, no matter whether the metastatic lesions respond or not. 
Morbidity
Completeness ofremoval: One theoretical criticism of transnasal ablation is that, if pituitary fragments should remain in the upper part of the pituitary fossa, the pituitary stalk may reunite to them and so restore pituitary functions. This has yet to be shown by post-mortem studies. This is the reason why we insert an obturator into the pituitary fossa after removal of the gland. Our own experience, resulting from autopsy studies (Atkins et al. 1957) , and that of others (Le Beau & Foncin 1960 , Van Buren & Bergenstal 1960 is that while we can sometimes perform a virtually complete hypophysectomy, often small fragments of the gland up to about 10% of its volume are left behind. However, patients can still secure a remission under such circumstances, while postoperative tests indicate a 'complete functional hypophysectomy'. Visual complications: Bitemporal field defects were observed in 6 of our first 30 patients, but in only one patient was it severe. This complication has not occurred since in the Guy's Hospital series of cases. However, in one patient outside the Guy's series, operated upon by me, the more serious complication of total blindness occurred after an aberrant artery alongside the stalk had been coagulated and cut. Such visual complications should not follow a transnasal approach. Post-operative hwmorrhage: Six patients out of our last 100 had to have their bone flaps reelevated within a few days of operation because of extradural clot formation, and all recovered. In addition troublesome htmorrhage from the cavernous sinus was encountered in 9 cases during operation but was always controlled. Polyuria andpolydipsia: These complications occur probably with comparable frequency after both transcranial and transnasal operations. They appear usually within two weeks (generally within a few days) but they always disappear at some time within three months. They can be corrected either by the inhalation of posterior pituitary snuff (40 mg) given once to three times daily or by intramuscular injection of vasopressin tannate in oil (1 ml, 5 units) every two or three days. They are probably due to injury to the pituitary stalk at the time of operation, and therefore we try to alleviate them by cutting the pituitary stalk low down flush with the diaphragma. Possibly as a consequence of this precaution, we now observe this complication in its troublesome form less frequently. Altogether a daily urinary output ext ceeding 200 oz at any stage was observed in 15 of our last 100 patients and more than 100 oz in 65 cases. Vasopressin, either as snuff or as an injection, has been given in only 47 of these patients, and then usually for only a short period. Smell and taste: Loss of smell on the side of operation from damage to the ipsilateral olfactory tract is almost invariable, but the other olfactory tract usually escapes. Bilateral anosmia has been observed in 22 cases out of our last 100. Only 2 of these complained spontaneously of loss of smell and taste.
Cerebrospinal rhinorrha?a or meningitis: Cerebrospinal rhinorrhcea has only been observed once in our series and then in a case in which the frontal air sinus had been opened, and insecurely occluded. No case of meningitis has occurred. Both these complications are inherent in the transnasal routes, although steps can be taken to avoid them. huailed operation: In an early case hypophysectomy proved impossible owing to the backward slope of the diaphragma giving an abnormal configuration. In one other case it was abandoned because an intracranial aneurysm was seen projecting into the pituitary fossa from the left internal carotid artery. Section of the pituitary stalk was performed instead.
Judging from the literature a transnasal hypophysectomy is not possible in about 5 % of cases owing to poor pneumatization of the sphenoid. This state of affairs does not affect the transcranial route.
Conclusions
Compared with the transnasal route, the subfrontal route carries risks of chiasmal or optic nerve injuries, of optic tract injury, and of postoperative extradural clot compression. These risks I have tried to assess. On the other hand the sub-frontal route does not carry the risk of cerebrospinal rhinorrhcea or of meningitis and possibly (judging from the statement of Hamberger that a few millimetres of the pituitary stalk are usually present on the avulsed gland) it has a lower incidence of polyuria and of polydipsia. The two approaches require the same substitution therapy. The transnasal approach may well prove to be superior in cases with cerebral secondaries, while the subfrontal approach is practicable in the occasional case with gross nasal sepsis or when the sphenoid bone is poorly pneumatized rendering the transnasal approach impracticable. Otherwise I find it difficult to see which approach is superior to the other and, as with other fields of surgery, the more practised one becomes, the better should be one's results. Naturally, each of us will employ the technique to which he becomes accustomed, but he should remember its limitations.
Finally, neither approach is the ultimate answer to metastatic breast cancer. I hope that from the observations made and from the experience gained with these operations, our colleagues in other fields may evolve nonsurgical methods of treatment, perhaps by some antihormones, that will produce a revolution in the treatment of breast cancer comparable to that of the introduction of penicillin in the treatment of surgical infections.
Mr G H Bateman (St Thomas' Hospital, London)
Transsphenoidal Hypophysectomy It has been shown by Olivecrona, by Professor H J B Atkins and Mr Murray Falconer and other groups that total removal of a normal pituitary gland has a beneficial effect on the course of the disease in some cases of diffuse carcinomatosis secondary to mammary carcinoma. At St Thomas' Hospital I have had a remission lasting four years in a case hypophysectomized by the implantation of yttrium; and a remission of over two years following surgical hypophysectomy. Both these cases were bedridden with shortness of breath due to lung secondaries before operation, and had in addition bone secondaries, and both were looking after their homes two months after operation. Satisfactory remissions have also been obtained in cases of carcinoma of the prostate which were no longer controllable with stilbcestrol.
Removal of the normal pituitary has also been performed at St Thomas' Hospital in an attempt to prevent blindness in diabetic retinopathy. Before this series was begun the main problem appeared to be that of achieving a total hypophysectomy. In fact, the difficulty that emerged, and which has caused us to suspend this treatment for the time being, is the management of intercurrent infections after successful hypophysectomy, and rebalancing the diabetes. Hypophysectomy causes some changes in the circulatory reflexes in the human subject, and the neuropathy of diabetes also disturbs these reflexes. It also alters the effect of insulin on the diabetic and alters the tendency to ketosis. In fact, it alters the diabetic state so radically that the patient has to be recalibrated and a new state of equilibrium has to be attained. When the diabetic patient after hypophysectomy has some simple inflammatory illness, such as influenza, or enteritis, he may becomie rapidly and seriously collapsed due to failure of his circulatory reflexes in spite of increasing his cortisone intake. This phenomenon is being studied at St Thomas' by the Chemical Pathology Unit and the diabetic specialists, and it appears that some understanding is being achieved, and so some effective means of management may become available. This problem of circulatory disturbance does not ordinarily occur in the carcinoma cases, though it can occur and was demonstrated at St Thomas' Hospital in a case successfully hypophysectomized elsewhere and treated at St Thomas' for severe hemorrhage. These difficulties arise as the result of the hypophysectomy and are quite independent of the method used in ablating the gland.
Hypophysectomy by the transsphenoidal route can be done in nearly all cases in which it is in-
